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(54) ELECTRIC DOUBLE LAYER CAPACITOR AND METHOD FOR PREPARING THE SAME

(57) To provide a safer electric double layer capaci-

tor for cell motor starter power supplies, hybrid vehicle

power supplies and back-up power supplies for per-

sonal computers, etc., and a manufacturing method

thereof

.

There is provided an electric double layer capacitor

with a gel electrolyte layer being Interposed between

polarlzable electrodes and manufacturing method

thereof, wherein the gel electrolyte Is obtained by

Impregnating a fibrous sheet-like material comprising

mainly a fiber-like or pulp-like material of an organic pol-

ymer that is possible to be dissolved in or swollen by a

nonaqueous electrolytic solution, followed by dissolu-

tion and gel formation.
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Description

Technical Field

[0001] The present Invention relates to a safe elec- s

trie double layer capacitor for power supplies for starting

cell motors or as back-up power supplies for hybrid vehi-

cle power supplies or personal computers, eta

Background Art

[0002] Electric double layer capacitors, wherein a

non-woven fabric of polyethylene or polypropylene or a

microporous film Is Interposed as a separator between

two polarized electrodes where an electrode surface is

formed on a collector surface using a binder of activated

carbon or carbon particles and a potyvinylidene fluoride

based polymer or polarized electrodes where aluminum

Is plasma-deposited on an activated carbon fiber cloth

so as to form a conductive layer, and the separator

being Impregnated with a nonaqueous electrolytic solu-

tion, have high output and superior cycle characteristics

and thus advances are being made In technology

thereof.

[0003] When electric double layer capacitors

employing nonaqueous electrolytic solution are sub-

jected to high-temperatures, the nonaqueous electro-

lytes vaporize and the internal pressure of the

nonaqueous electrolytes increases so that the shape of

the capacitor changes, thereby causing not only

changes in the characteristics of the capacitor dramati-

cally but also causing risks of explosions and fire, paus-

ing difficulties with regards to safety management

[0004] A further problem with electric double layer

capacitors Is that carbon particles produced by such

effect of coming apart and the like may move to the

opposing electrode when carbon electrodes using acti-

vated carbon or carbon particles are employed. Parti-

cles produced by the coming apart may then move to

the anode side by electromigration and such and

thereby causing the leakage current to Increase or

short-circuits to occur more easily. The migration of par-

ticles between electrodes means self-discharge and the

ability to prevent migration of particles Is substantially

related to the fundamental performance of the capaci-

tor.

[0005] On the other hand, the degree of difficulty of

ionic migration within the electrolytic solution Is mani-

fested in the form of liquid resistance, and an Increase In

this value shows a tendency of difficulty In smooth

charging and discharging of the capacitor. It has there-

fore been necessary to increase the number of holes

per unit surface area of the separator in order to

reduced the resistance. This can also be achieved by

making the separator thin because the fluid resistance

can also be lowered by narrowing the distance between

the electrodes. Generally, an extremely strongly polar-

ized organic solvent is employed as the electrolyte for

an electric double layer capacitor so that a great deal of

salt may be dissolved in the solvent, and thus it is nec-

essary that the separator does not react with this sol-

vent or become dissolved by the solvent and also that

the electrolyte including the separator must be resistant

to mechanical stresses.

[0006] Various types of separators have been pro-

posed for such separators. Examples may be found In

such as high-density separators referred to as capacitor

papers, low-density capacitor paper referred to as elec-

trolytic paper, micro-porous items substance of poly-

ethelene or polypropelene film, and non-woven fabric

using polyethelene or polypropelene fibers. However, in

the case of capacitor papers there is high inhibition

against the conductivity of the electrolyte thereby mak-

ing it impossible to obtain the desired electrostatic

capacitance and internal resistance, and on the other

hand in the case of electrolytic papers, the average pore

diameter Is greater than the size of the carbon particles

and carbon particles therefore pass through the papers

whereby the papers could not be made Into the desired

low leakage current capacitors.

[0007] Technology for an electric double layer

capacitor with the capacitor having increased fluid

retention of the nonaqueous electrolytic solution and

with good handling characteristics of the nonaqueous

electrolyte layer is disclosed in Japanese Patent Laid-

open Publication No. He! 6-36972.

[0008] One of the noticeable features of this capac-

itor is the use as separators of sustances each having 1

to 20 % by weight of acrylic resin particles of a particle

diameter of 10 to 100um In the case of electric doubte

layer capacitors employing this separator there are rec-

ognized Improvement In the permeability of nonaque-

ous electrolytic solution Into the separator structure,

fluid retention characteristics and the capacitor assem-

bly process, but there still remains difficulty with the

capacitors that vaporization of the nonaqueous electro-

lytic solution can not yet be prevented.

[0009] Technology for an electric double layer

capacitor employing, as a microporous separator which

prevent the passage of carbon particles, bacterial cellu-

lose obtained from an acetic acid bacteria stationary

culture is disclosed in Japanese Patent Laid-open Pub-

lication No. Hei 9-129509. A major feature of this capac-

itor Is the use of cellulose with a microfilament mesh

structure as the separator. However, In case of capaci-

tors employing this separator It Is possible to prevent the

passage of carbon particles, but there is still difficulty

that the evaporation of the aqueous electrolytic solution

can not be prevented.

[0010] Developments in electric double layer capac-

itors without these kinds of problems are in progress

and there has been used technologies for solidifying

nonaqueous electrolytic solution in particular for forming

the nonaqueous electrolytic solution into a gel using as

gelling agents polymers of polyacrylonitrile or acryloni-

trile and (meta) acrylate. The polymer gel electrolyte
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obtained by heating and dissolving the acrylonltrile

based polymer Into the nonaqueous electrolytic solution

and followed by cooling the same exhibits good Ionic

conduction, fluid retention and prevention of the pas-

sage of carbon particles, but the gel electrolyte shows

high tackiness and thereby pausing difficulty In han-

dling, whereby the assembly of electric double layer

capacitors using this gel electrolyte faces therefore

many difficulties and the manufacture of high-perform-

ance electric double layer capacitors becomes

extremely difficult.

Disclosure of the Invention

[001 1 ] The inventors carried out investigations with

the object of manufacturing in an efficient manner a

high-performance electric double layer capacitor by

improving the handling characteristics of each part In an

assembly step, wherein the nonaqueous electrolytic

solution does not evaporate, the prevention of the pas-

sage of carbon particles Is good, and the capacitor Is

safe, and wherein the characteristics of impregnation

and liquid retention for nonaqueous electrolytic solution

are good. The inventors then found from the results that

this object can be achieved by using as a carrier of the

nonaqueous electrolytic solution a fibrous sheet-like

substance comprising mainly a fiber-like substance or

pulp-like substance of organic polymer soluble in the

nonaqueous electrolytic solution and having gel-fbrming

properties, and thereby completing the present inven-

tion r.Tbe gist of the invention is directed to an electric

double layer capacitor with a polymer gel electrolyte

layer interposed between polarizable electrodes, and Is

characterized in that an electrolyte Is used wherein a

fibrous sheet, comprising mainly a fiber-like or pulp-like

material of an organic pofymer which Is soluble In or

swellable by a nonaquerous electrolytic solution to form

a gell, with a nonaquerous electrolytic solution and

thereafter a part of the fibrous sheet is dissolved or

swollen to give a gel.

Best Mode for Carrying Out the Invention

[001 2] The fiber-like or pulp-like material to be used

in the practice of the present invention has a shape sim-

ilar in appearance to a fiber of about 1 to 100um In

apparent diameter and a length of approximately Smm
or less may be preferably used. A fibrous sheet-like

material formed from a fiber-like or pulp-like material

having the apparent diameter which is too small in

apparent diameter Is not preferable because it shows

insufficient strength or insufficient handling characteris-

tics. On the other hand, in the case of a fibrous sheet-

like material formed from a fiber-like or pulp-like mate-

rial which is too large there is manifested low impregnat-

ing ability, solubility and swelling properties, and thus it

is low in the ability to be formed into a polymer gel elec-

trolyte layer with good performance characteristics. In

the case of a fibrous sheet-like material formed from a

fiber-like or pulp-like material which is long In a longitu-

dinal direction, it is also difficult to make the fibrous

sheet-like material to have an even thickness. It is pos-

5 slbte to use a material having a large number of fibril for

the flber-llke or pulp-like material used in the present

invention, and the fibrous sheet formed from the fiber-

like or pulp-like material has the advantage of good

mechanical strength and an excellent inpregnation

10 characteristic under nonaquerous electrolytic solution.

[001 3] These fiber-like or pulp-like materials may be

made by subjecting polymers that are soluble in or

undergo swelling in the nonaqueous electrolyte to melt

spinning techniques, wet spinning techniques, flush

15 spinning techniques, or ejection coagulation fiber form-

ing techniques and the like for organic solvent solutions

of polymers.

[0014] Further, pulp-like material, mo nofilament-

like material, slde-by-slde type composite fiber, true

20 conjugate composite fiber, sea-island type composite

fiber, or spliced fiber of composite fibers may be

employed in terms of the fiber configuration. As for the

composite fibers, there may be used composite fibers of

some polymers that are soluble in nonaqueous electro-

25 lytic solution or composite fibers of a polymer soluble in

nonaqueous electrolytic solution and a polymer insolu-

ble In nonaqueous electrolytic solution.

[0015] £olyacrylonitrile,^orymethacry!onitrile» acry-

lonitrile/vinyl acetate copolymers, acryloni-

30 trile/(meta)acryiate copolymers, acrylonitrile/vinyl

chloride copolymers, acrylonitrile/methacrylonitrile

copolymers, polymethyl methacrylate, vinylidene fluo-

rlde/hexafluoro propylene copolymers, polyethylene

oxide, polypropylene oxide, ethylene oxide/propylene

as oxide block copolymer, polyvinylacetate, and acetylated

cellulose may be given as polymers to be used in the

practice of that are soluble in or have swelling properties

under the nonaqueous electrolytic solution. Among

these polymers, polymers comprising 50% or more by

40 weight of polymer units ofacryionitrile preferably 60% or

more by weight may be preferablefrom the viewpoint of

handling characteristics, ability to carry and retain the

nonaqueous electrolytic solution, and gel-forming abil-

ity.

45 [0016] In case of a fibrous sheet-like material to be

used In the practice of the present Invention, there may

be used a pulp-like or short4ibeMike*naterial'compris-

ing a polymer soluble In a nonaqueous electrolytic solu-

tion, a non-woven fabric or paper-like sheet formed by

so adding thereto fibers or pulp made of polymers that are

insoluble In a nonaqueous electrolytic solution, or a

material obtained by attaching by mutual entanglement

the above short fiber-like or pulp-like material into a

woven structure of woven material made from fiber

55 comprising polymers which are insoluble in a nonaque-

ous electrolytic solution.

[0017] Natural pulp, polyethelene pulp, aromatic

polyamide pulp, polypropylene pulp or polyolefine fiber,
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polyfluro vinylidene based fiber, aromatic potyamide

fiber, potyphenylene sulfide fiber, polysutfone fiber,

ceramic fiber, or glass fiber, etc., may be used for the

fiber or putp which Is Insoluble In the nonaqueous elec-

trolytic solution when the fibrous sheet-like material Is

formed to be used In the present Invention.

[0018] It Is preferable for the fibrous sheet used In

the practice of the present invention to Include 50% by

weight or more of fiber-like or pulp-like material com-

prising polymers soluble in or swelling by the nonaque-

ous electrolytic solution. Fibers or pulp comprising

polymers which are insoluble in the nonaqueous elec-

trolytic solution or natural materials, the fibers or pulp

being included in the fibrous sheet-like material are

components greatly contributing in the Increase of the

strength of a gel electrolyte sheet made using this

fibrous sheet-like material.

[0019] The porosity of the fibrous sheet-like mate-

rial to be employed in practicing the present Invention Is

preferably In the range of 20 to 80% by volume, because

the impregnation characteristic of the fiber sheet-like

material by the nonaqueous electrolytic solution Is

improved, and whereby a nonaqueous electrolytic poly-

mer gel layer with uniform characteristics is formed.

[0020] As for examples of the nonaqueous electro-

lytic solution used in the practice of the present inven-

tion, there may be found aprotic polar solvents with a

high dielectric constant or a low viscosity, or organic sol-

vents or mixtures thereof which are electrochemically

stable and which will readily dissolve the electrolyte

salts described below. Examples of the above may be

found in; carbonates, such as propylene carbonate

(PC), ethylene carbonate (EC), dimethyl carbonate, die-

thyl carbonate, ethyl methyl carbonate (EMC), etc.; lac-

tones, such as Y-buytyrolactone (BL), amide based

solvents, such as dimethyl formamide (DMF), dimethyl

acetimide (DMAC), etc.; and sulfolane, acetonitrile,

dimethyl sulfoxide (DMSO), tetrahydrofuran, or dimeth-

oxyethane and the like. Examples of electrolyte salts

may preferably found In quaternary alkylammonlum

salts as an electrolyte in a nonaqueous solution, and as

a specific example such salt having the structure

{R4N)+(M)* may be used. Examples of alkyl groups, rep-

resented by R, may be found in methyl, ethyl and butyl

groups and the like, and examples of the anion compo-

nent M may be found In tetrafluoroborate (BF4), and

perchlorate (C104) groups and the like

[0021] The electric double layer capacitor of the

present Invention Is made by the steps of housing the

fibrous sheet-like material of the present invention in a

container while the fibrous sheet-like material is being

sandwiched between polarizable electrodes, injecting

the container with nonaqueous electrolytic solution,

preferably at reduced pressure thereby causing the

fibrous sheet-like material to be sufficiently impregnated

by the nonaquerous electrolytic solution, and causing at

least one part of the fibrous sheet-like material to be dis-

solved or swelled, followed by causing the part to form a

gel.

[0022] The lamination of the polarizable electrodes

and the fibrous sheet-like material for forming a polymer

gel electrolyte layer can be handled with these raw

5 materials In a non-cohesive state, and thus the rate of

occurrence of defects In the process of assembling the

capacitor can be kept low.

[0023] The Impregnation of the nonaqueous elec-

trolytic solution Into the fibrous sheet-like material can

10 utilize the capillary phenomenon based on the fiber

structure, and thus, the nonaqueous electrolytic solution

rapidly impregnates the fibrous sheet-like material, and

there occurs almost no area of unimpregnation, thereby

making it possible to provide capacitor equipped with a

is polymer gel electrolyte layer with almost no microvoids.

Examples

[0024] The present Invention Is further explained in

20 detail with reference to the following examples.

Comparison 1

[0025] A fibrous sheet-tike material is made in the

25 following manner. Water based suspension polymeriza-

tion is carried out using as a polymer catalyst 1 .0 wt% of

NagSOj, 1.5 % by weight of NaHS03 , and 0.12 % by

weight of H2S04 with respect to the reactant prepared

from 93.6 % by ri&le*otacryk>nitrile units and 6.4 % by

30 mole of vinyl acetate units under the conditions of a

water to monomer ratio being of 14/1 in a 2000 milliliter

glass reaction container with a jacket The reaction tem-

perature was kept at 55*C. The polymerized material

produced within the reaction container was then recov-

35 ered, followed by thoroughly washing and dying to have

a white powder. A reaction yield of 73% was calculated

from the weight of the powder thus obtained.

[0026] The analysis of componet by element analy-

sis of the polymerthus obtained showed an introduction

40 of 96.0 % by mole of acrylonitrile units and 4.0 % by

mote of vinyl acetate units. The molecular weight of the

polymer was shown to be 5.1 x 105 by polystyrene con-

version measured using GPC. This GPC measurement

was carried out at a polymer concentration of 0.1g/d1

45 using 0.1MUC1/DMF as a solvent

[0027] An electrolytic solution where UPF6 was dis-

solved as an electrolyte in propylene carbonate so as to

give 1.0 moVkg of LIPF6, and the acrylonitrile based

copolymer was added to the electrolytic solution at

so room temperature to give a slurry. This slurry was then

agitated at 100°C, and the polymer was dissolved to

give a homogenous solution. The polymer concentra-

tion in this solution was 1 6 % by weight When this solu-

tion was left at room temperature for 24 Ijours, the

55 solution lost liquidity to become a resilient cloudy white

gel.

[0028] This acrylonitrile copolymer was dissolved in

dimethyl acetamide to give a polymer solution with a
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concentration of 18 % by weight This polymer solution

was then spread on a slide glass so as to produce a

cast film by natural drying of the solvent. Contact angles

were calculated for the propylene carbonate and dime-

thyl carbonate with respect to the smooth surface of the 5

cast film and the affinity between the film and the drop-

lets was good and the measurements were Impossible

because of the liquid droplet spreading out on the film.

[0029] The the polymer solution was discharged

into water of a temperature of 30°C at a supply rate of 10

the polymer solution being 18 milliliters per minute and

under the pressure of supplying the water steam being

1 .5kg/crrr\ following the method disclosed in Japanese

Patent Laid-open Publication No. Hei 9-241917. and

using nozzle wherein the nozzle had a solution dis- is

charge opening with a diameter of O^mm0, a cylindri-

cal mixing cell portion with a diameter of O.2mm0 and a

length of 1.5mm, and the nozzle being made in such a

manner that a water steam passage opens In a slit-

shape and Is regulated to 250ujti, and an angle 20

between a center line of a solution passage and a slit

center line was 60 degrees to obtain an agglomeration

of pulp-like polymers.

[0030] This agglomeration of pulp- like polymer was
dispersed in water and beaten and loosened for ten 25

minutes in a household mixer. After this beating and

loosening, the dispersed solution in water was partially

separated, and the shape of the fiber-like or pulp-like

material obtained after drying is monitored using a

scanning electron microscope to reveal a structure 30

where a terge*iumber»of .fibril-like -fibershaving diame-

ters about from 0.2ujn to4jujidiverge from a fiber-like

trunk having diameters of 5 to 20um The filtration value

of the fiber-like or pulp-like material was measured

based on JIS P-8207 by using a Canadian freeness 35

tester. The filtration value was 387 milfiliters after com-

pensation to a standard temperature of 20°C and a

standard concentration of 0.3%.

[0031] Wet process paper preparation conforming

to JIS P-8209 and using a standard rectangular sheet 40

machine was then carried out by using the dispersion

solution in water oftye -fiber-like or pulp-like materials.

The weight of the^brous-sheet-like-rnaterila formed

from polyacryl nitrile based compolymerThus obtained

was 25g/m2 and^he average sheet thickness was 45

measured at 155jim by following JIS P-81 18. The sheet

was then cut Into rectangular pieces to obtain test sam-

ples, and the sample was evaluated for tensile strength

based on JIS P-81 13. The sample with the width of

15mm showed a failure strength of 18N/15mm. The so

porosity for this sheet was measured to be 68% using a

mercury porosimeter (CARLO ERBA INSTRUMENTS.
POROSIMETER 4000).

Comparison 2 ss

[0032] A fibrous sheet-like material was prepared

by using the following method.

[0033] A 1 0 parts by weight of fiber-like or pulp-like

material of acrytonltrlle copolymer having a tlttration

value of 387 milliliters and being made in comparison 1

and a 1 0 parts by weight of pulp-like polypropylene (Mit-

sui Chemical SWP Y600) were mixed and a sheet was

prepared by using a wet paper preparation technique

from a dispersion solution of this mixture in water.

[0034] The weight of the sheet was 25g/m2, the

sheet thickness was 140um, the tensile strength was

21 N/1 5mm, and the porosity was 72%, where this sheet

was used as a porous sheet for forming polymer gel

electrolyte.

[0035] A nonaqueous electrolytic solution was pre-

pared wherein tetraethyl ammonium tetrafiuoroborate

(TEAFB) was obtained as an electrolyte salt to a con-

centration of 0.8 mol/liter in a nonaqueous solvent com-

prising a mixed solvent where PC/EC = 20/80 (specific

volume).

[0036] After the fibrous sheet-like material prepared

in comparison 1 was soaked with the electrolytic solu-

tion thus obtained, the sheet-like material was heated to

a temperature of 100*C and then cooled down to room

temperature. After the cooling, the sheet was in the

state of a gel-like sheet having some adhesiveness

wherein the fiber-like or pulp-like material was substan-

tially dissolved. The thickness of this film was 50um>

and conductivity was measured to be 3.0 x 10'3 S/cm at

25°C.

[0037] Gel sheets were also prepared similarly to

the above manner except that the sheet prepared in

comparison 2 was used. In this case of the gel-like

sheet with adhesiveness after the cooling, polypropyl-

ene fibers that did not dissolve In the solvent were

present In a mesh-llke form within the gel. This thick-

ness of this sheet was 30ujn, but this provided sufficient

strength. Conductivity was 2.0 x 10"3 S/cm.

Example 1

[0038] The nonaqueous electrolytic solution used in

comparison 2 was prepared. The fibrous sheet-like

material prepared In comparison 1 was interposed

between two sheets of electrodes wherein each elec-

trode was prepared by welding as a collector a nickel

mesh onto a non-woven cloth comprising activated car-

bon fibers and the assembly was Inserted Into a button-

shaped sealed container to prevent short-circuits

between the electrodes.

[0039] The sealed container is provided beforehand

with an injection inlet for an electrolytic solution, and

after degassing of gas under a vacuum operation, the

electrolytic solution was Injected, followed by closing the

opening with a sealant The container is then heated to

100°C and then allowed to cool to room temperature.

The capacitance of this capacitor was O.SSF/cm2 at a

final charge potential of 2V, a final discharge potential of

1 V, and a charging and discharging current of 1mA.
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Example 2

[0040] When an electric double layer capacitor was

made by the same method as for the example 1 except

that a fibrous sheet-tike material obtained In comparison

2 was used, the performance was 0.20 F/cm2 . The

process for assembling the capacitor was extremely

easy and no problems caused by the adhesiveness of

the gei electrolyte occurred during the assembly proc-

ess of the capacitor.

Industrial Applicability

[0041] According to the present invention, by

employing as a carrier of a nonaqueous electrolytic

solution a fibrous sheet-like material comprising mainly

a fiber-like or pulp-like material formed from organic pol-

ymers being soluble in a nonaqueous electrolytic solu-

tion and having gel-forming properties, it was made
possible to manufacture In an efficient manner a high-

performance electric double layer capacitor by increas-

ing the ease of handling each component in the assem-

bly process wherein there is no vaporization of the

nonaqueous electrolytic solution, the prevention charac-

teristic of the penetration of carbon fine particles is

good, the safety is improved, and the impregnation and

liquid retention of the nonaqueous electrolytic solution is

good, and thus, the industrial implications of the inven-

tion are substantial.

Claims

1. An electric double layer capacitor with a polymer

gel electrolyte layer being provided between polar-

izable electrodes,

wherein the polymer gel electrolyte layer

comprises:

a nonaqueous electrolytic solution; and

aiibrous^heet-Jike_matei1ahoomprIsing mainly

a fiber-like ot pulp-like material capable of form-

ing a polymer gel by the nonaqueous electro-

lytic solution.

2. The electric double layer capacitor of claim 1,

wherein the porosity of the fibrous sheet-like mate-

rial Is 20 to 80% by volume.

polymer gel to be formed.

5. The electric double layer capacitor of any one of

claim 1 to claim 4, wherein the fiber-like or pulp- like

5 material comprises 50% by weight or more of

polymerization units of acrylonrtrile.

6. A method of manufacturing an electric double layer

capacitor comprising the steps of: housing a laml-

10 nate In a container, wherein a fibrous sheet-like

material comprising mainly a fiber-like or pulp-like

material capable of forming a polymer gel by a non-

aqueous electrolytic solution is interposed between

polarizabte electrodes; impregnating the fibrous

is sheet with a nonaqueous electrolytic solution; and

causing at least one part of the fiber sheet-like

material to form a polymer gel.

7. The method of manufacturing an electric double

20 layer capacitor of claim 6, wherein the porosity of

the fibrous sheet-like material is 20 to 80% by vol-

ume.

8. The method of manufacturing an electric double

25 layer capacitor of claim 6 or claim 7, wherein the

fibrous sheet-like material comprises 50% by

weight or more of a fiber- like or pulp-like material

capable of forming a polymer gel by the nonaque-

ous electrolytic solution.

30

9. The method of manufacturing an electric double

layer capacitor of any one of claim 6 to claim 8,

wherein the fiber-like or pulp-like material Is at least

partially dissolved or swollen by the nonaqueous

35 electrolytic solution to cause the polymer gel to be

formed.

10. The method of manufacturing an electric double

layer capacitor of any one of claim 6 to claim 9,

40 wherein the fiber-like or pulp-like material com-

prises 50% by weight or more of polymerization

units of acrylonrtrile.

45

3. The electric double layer capacitor of claim 1 or

claim 2, wherein the fibrous sheet-like material so

comprises 50% by weight or more of a fiber-like or

pulp-like material capable of forming a polymer gel

by a nonaqueous electrolytic solution.

4. The electric double layer capacitor of any one of ss

claim 1 to claim 3, wherein the fiber-like or pulp-like

material is at least partially dissolved or swollen by

the nonaqueous electrolytic solution to cause the
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